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UCi"tfsq ------IITI-tawre-nc-e-Berke1·ey-tatrora:tury The objective of all these measures is to reduce or utilize more efficiently the energy used for space heating without adversely affecting human c·omfort conditions. However, up until now there has been no quantitative assessment of the effectiveness of these thermostat measures for the various climate regions of the u.s., although some work in that respect has been done in Europe.f 2 1
The objective of this study is to quantify the energy savings resulting from different temperature control strategies so that a comparison of their significance can be made. A typical ranch-style house of average size and construction is simulated on DOE-2.1A, a state-ofthe-state computer model that can calculate the hour-by-hour performance of a building in any given climate. A large number of cases are studied to determine the relationships between temperature control strategies, the thermal integrity of the building (i.e., insulation, glazing, and infiltration levels), and the climate in which the building is located.
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ASSUMPTIONS
The prototype house model used in our analysis (see Figure 1) represents a typical present-day single-family residence in the u. Whenever there is a. temperature differential between the two zones, there will be additional~ heat transfer through air infiltration around the door which would tend to reduce the effectiveness of any zone setback measure. However, hourly computer simulations using steady state estimates of heat transfer due to infiltration around the door show that, in our case, the effects of this additional heat transfer are minimal. [5] -2-. .
. . Phoenix. ' For each climate zone, computer simulations were done for three levels of building envelope thermal integrity, i.e., insulation, glazing, and infiltration levels. These are listed in. Table 1 .
The · "tight house" represents a high level of thermal integrity to which additional improvements, with the exception of infiltration, would result in only marginal addi tiona! energy saving.s of no more than a few percent. [7] The "very tight house" has the same thermal characteristics as the "tight house" except that the infiltration rate has been reduced by 40% from 0.7 to 0.4 air changes per hour averaged over the winter months.
Lastly, the "loose house" corresponds roughly to the average insulation, glazing, and infiltration levels of residential buildings-built in the previous decade The complete schedule for the third option is shown in Table 2 . .. to 6 a.m:. Depending on the structure, work style and livlng habits of a· particular family, the zone control schedule will have to be.modified so as to not impinge on comfort standards. Consequently, greater or less energy savings could be realized per household, even though the average savings for the entire country will not differ substantially from the results for the typical schedule used here.
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Additional Conservation Measures
In addition to the three standard options, computer simulations were also made to test the effectiveness of more extreme conservation measures such as adding insulation to the interior wall separating the two zones, or lowering the thermostat setback to below 60°F.
In the base case, the two zones were assumed to be separated by an interior wall of typical gypsum board and wood stud construction, with an interconnecting door (see Figure 1 ). For the zonal control option, we tested the effects on energy savings when R-11 and R-19 insulation were added to the partition wall between the zones. For these cases, the resistance of the interconnecting door was also increased from R-1.6
to R-2.0.
Simulation studies were also done with the zonal control setback reduced from 60°F to 50°F, and even to 2.0°F, which would be the equivalent of turning off the thermostat in the unoccupied spaces during the day.
In addition, studies were made of the effects of different south window distributions on a zonally controlled house. The purpose of these simulations was to determine whether additional savings could be realized by linking zonal control schedules with that of solar radiation. Computer runs were made with the same amounts of total and south window areas, but redistributed so that the zone occupied during the day (Zone 1, i.e., living room, dining room, and kitchen) received nearly all the solar radiation.
-7-Lastly, simulation studies were made for the following cases:
1. A day setback to 60°F from 9 a.m. to 5 p.m. for the entire house, in addition to the ·standard 60°F night setback from 12 a.m. to 6 a.m. This is representative of a one-zone building with both day and night setbacks.
2. Thermostat settings raised to 72°F (from 70°F), with and without night setback.
Both of these options are of limited general applicability the former reduces comfort standards (unless the house is vacant during working hours) and the latter is unnecessary from a comfort standpoint.
For the sake of comparison, these simulations were performed only on the tight house for all four climate zones.
RESULTS
The results of our analysis for all four climate zones with three levels of building envelope thermal integrity, using different thermostat options and interior wall insulations, are summarized in Tables 3   and 4 . The first column in Table 3 refers to an electric baseboard system and· gives energy consumption in kilowatt-hours (kWh). The other columns assume a gas furnace system with a 70% efficiency and give energy consumption in million-BTU's * (MBtu).
Results for sensitivity studies for 50°F and 20°F zone setbacks, R-19 interior wall insulation, Gas energy consumption can be converted to electric energy consumption by the equation: (energy consumption, kWh) = (energy consumption, MBtu) x (net seasonal furnace efficiency) x (1000/3.413). In this equation,the units of electricity consumption are at the building boundary.
-8-and various window orientations are given in Tables 5 and 6 .
Results for the one-zone building day setback and raised thermostat setting are shown .in Table 7 . The hourly loads on the coldest day of the year for three cool climate cases are depicted in Figures 2, 3 , and 4. These show the peak heating loads that must be met by the furnace or electric baseboard systems. The hourly loads on a typical winter day for a cool climate tight house is shown in Figure 5 . This curve is representative of typical winter loads in both the cool and temperate climate zones.
For comparison, the hourly loads on the coldest day of the year for a hot-arid climate case is depicted in Figure 6 .
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s.. For the cool and temperate climates, night setback results in energy savings on the order of 4 to 5%, while day zone setback will add another 6 to 7%. For the hot-humid climate, night and zone setbacks each result in 8 to 13% savings while in the hot-arid climate night setback results in 13-17% savings, but day zone setback adds only another 6 to 10% savings.
In absolute energy saved, however, the cool climate shows the greatest gain either through night or zone setbacks. This is to be expected as both the night and day temperatures are the lowest of the four zones. The hot-humid climate shows the least absolute energy savings, since this zone has the smallest day-night temperature variations.
On the other hand, the hot-arid climate shows the least energy savings by zone setback, because daytime temperatures in this zone are higher than those in any other.
Notice that if the net furnace efficiency in a gas heated house were to be further increased (see Appendix A) the percentile savings for any level of thermal integrity and in any climate zone would remain the same whereas the absolute energy saved in each instance will be reduced proportionally.
-20-A few other interesting conclusions can be drawn from our study.
First, adding interior insulation to the partition wall between the zones produces negligible energy savings. The inter-zone heat transfer through the partition wall is insignificant compared to the total heat transfer to the outside through the building envelope. Second, reducing the temperature of one zone down to 50°F or lower also does not produce any significant savings. As shown in Table 5 , the yearly difference in energy consumption in the cool climate between a 50°F and a 60°F zone setback is only 0.3%. Figures 2 and 4 showing the hourly consumptions on the coldest day of the year for these two options illustrate why there is basically no benefit from the lowered zone setback. The additional savings from the lower thermostat setting are counteracted by the much larger energies required to return the zone to 70°F once the setback is removed. For the day shown on the two graphs, the total heating load is actually higher for the 50°F zone setback option. In addition, further penalties will be incurred since the building must be equipped with a larger system in order to meet the greatly increased peak hourly loads (more than 100% in the cool and temperate climates and almost 200% in the hot climates for a "tight house" with a pick-up time of one hour).
This will result not only in higher capital costs, but also in probable degradation of performance due to the oversizing if a typical furnace is used or potential increase in peak load demand if a baseboard system is used instead. [9, 10] The studies of different window orientations show that efforts to link solar radiation with occupant patterns, i.e., putting all the south-facing windows in the zone occupied during the day (Zone 1), will produce only a small improvement in energy consumption, 0.6% in the cool -21-climate zone, and 1.67, in the temperate climate zone. This strategy is more effective for houses with more south-facing glass, but will be still only one-third as effective as moving window distribution from the north to the south, as shown in Table 6 .
It has been known for some time that the energy savings resulting from the intermittent heating of a building, such as with night setback or zonal control, are less for more insulated houses. -23-
Systems Infiltration
The heating system of the house is assumed to be either a gas furnace or an electric baseboard heater.
In -25-
